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Description
Technical Field

[0001] The present invention relates primarily to a ro-
bot data processing server for processing data on an
industrial robot.

Background Art

[0002] PatentLiterature 1 (PTL 1) discloses a produc-
tion system including more than one industrial machines
that operate in accordance with an operation program.
The operation of the production system is optimized by
a cell controller. More specifically, the cell controller an-
alyzes what has an adverse effect on a tact time of the
production system based on time-series running infor-
mation obtained from the production system, and im-
proves the operation program. The information obtained
by the cell controller is transmitted to a cloud server. This
allows the information to be shared among two or more
cell controllers. PTL 1 also mentions an industrial robot
as an example of the industrial machine.

Citation List
Patent Literature

[0003] PTL 1:Japanese Patent Application Laid-Open
No. 2017-199077

Summary of Invention
Technical Problem

[0004] Data created or used in a workshop regarding
an industrial robot may include highly confidential data.
Forexample, three-dimensional data such as a workshop
oraworkpiece includes detailed shapes and the like, and
therefore may be highly confidential. Therefore, it may
not be preferable to transmit and store this such data in
a cloud server as disclosed in PTL 1. On the other hand,
by sending such data to the cloud server and storing such
data, it may be preferable that the cloud server perform
some processing, or devices can access such data from
multiple locations, so it is convenient in terms of conven-
ience. As aresult of the above, security and convenience
cannot be compatible at the same time, and improve-
ments have been required.

[0005] The present invention has been made in view
of the circumstances described above, and aims prima-
rily to provide mechanism that improves convenience
while maintaining security by transmitting and storing da-
ta regarding an industrial robot to a server.

Solution to Problem

[0006] The foregoing has described problems to be
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solved by the present invention. The following will de-
scribe solutions to the problems and advantageous ef-
fects thereof.

[0007] A first aspect of the present invention provides
arobot data processing server configured as follows. The
robot data processing server includes a communication
device and a storage device. The communication device
receives interference data from an external device con-
nected via wide area network. The interference data be-
ing data which associates teaching point candidates in-
dicating candidates for teaching points of an industrial
robot with interference results indicating whether or not
the robot interferes with surrounding objects when a po-
sition and posture of the robotis aligned with the teaching
point candidates. The storage device stores the interfer-
ence data received by the communication device.
[0008] A second aspect of the present invention pro-
vides a interference data provision method. In the meth-
od, interference data that is data which associates teach-
ing point candidates indicating candidates for teaching
points of an industrial robot with interference results in-
dicating whether or not the robot interferes with surround-
ing objects when a position and posture of the robot is
aligned with the teaching point candidate is created. The
created interference data is transmitted to a robot data
processing server via a wide area network.

Advantageous Effect of Invention

[0009] According to the present invention, conven-
ience can be improved while maintaining security by
transmitting and storing data regarding an industrial robot
to a server.

Brief Description of Drawings
[0010]

[FIG. 1] An outline drawing showing a robot service
provider system

[FIG. 2] A block diagram showing a server, a client
device, and a robot system

[FIG. 3] A sequence diagram of operation path cre-
ation service

[FIG. 4] An diagram for the explanation conceptually
showing an interference map and an operation path
[FIG. 5] Amodel diagram showing three-dimensional
data and simplified data of a workpiece

[FIG. 6] A diagram for the explanation of creation
and use of an operation path model

[FIG. 7] A sequence diagram in which interference
data and simplified data are shared among multiple
locations to perform a collaborative work.

Description of Embodiments

[0011] The following will describe, with reference to the
drawings, an embodiment of the present invention. First,
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referring to FIG. 1, an outline of a robot service provider
system 1 will be described.

[0012] Therobot service provider system 1 is a system
that aggregates information provided by companies in-
volved in an industrial robot, and provides various serv-
ices to the respective companies.

[0013] The industrial robot refers to a robot that works
at a workshop in a factory, a warehouse, or the like. The
industrial robot is of teaching playback type. The teaching
playback type means: teaching in advance an operation
of the industrial robot; and having the industrial robot re-
peat the same operation in accordance with what has
been taught. The industrial robot is, for example, a ver-
tical-articulated or horizontal-articulated arm robot. The
robot service provider system 1 is applicable to a robot
other than arm robots, such as a parallel link robot. Ex-
amples of works performed by the industrial robot include
assembling, welding, coating, machining, or transport-
ing. Hereinafter, the industrial robot will be simply re-
ferred to as "robot."

[0014] As shown in FIG. 1, the companies involved in
the industrial robot include a robot manufacturer, a robot
user, a related manufacturer, an introduction support
company, and the like. The robot manufacturer develops,
manufactures, and maintains the robot. The robot user
introduces the robot to its own workshop, and makes the
robot work. The related manufacturer is, for example, a
manufacturer for manufacturing peripheral equipment
such as awork tool or a sensor. The related manufacturer
may encompass a manufacturer that provides software
for teaching or managing the robot, for example. The
introduction support company, which is a so-called sys-
tem integrator, supports the robot user in introducing the
robot. To be specific, the introduction support company
selects a robot suitable for the workshop of the robot
user, teaches the robot, or suggests a change for the
better after the introduction, for example.

[0015] As shown in FIG. 1, the robot service provider
system 1 includes a server 10 and client devices 20.
[0016] The server 10 and the client devices 20 are at
different locations. The server 10 and the client devices
20 are mutually communicable via a wide area network.
The wide area network is the Internet for example, but
may be something other than the Internet. Examples of
the something other than the Internet include a network
in which local area networks at different locations are
connected by a dedicated line.

[0017] Theserver10is arobot data processing server,
which aggregates information relating to the robot, and
provides later-described services to the respective com-
panies. The server 10 is installed in a data center, for
example. The server 10 may be a single piece of hard-
ware, or may be composed of two or more pieces of hard-
ware in cooperation with each other. Forexample, a piece
of hardware that aggregates and stores information may
be separate from a piece of hardware that executes a
process in accordance with a request from the client de-
vice 20. The server 10 may be implemented by a cloud
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computing service.

[0018] The client devices 20 are installed in the robot
manufacturer, the robot user, the related manufacturer,
and the introduction support company, respectively. The
client devices 20 are general-purpose PCs, on which
software for using the robot service provider system 1 is
installed. This software will hereinafter be called a "robot
running support application." The client devices 20 do
not always have to be general-purpose PCs, but may be
dedicated products exclusively for use of the robot serv-
ice providersystem 1. The clientdevices 20 do notalways
have to be PCs, but may be tablet devices or smart-
phones. The client devices 20 may be installed with soft-
ware different from the robot running support application,
which more specifically is teaching software provided by
the related manufacturer.

[0019] In the following, descriptions will be given in a
simplified fashion: for example, the client device 20 pro-
vided in the robot manufacturer transmitting data to the
server 10 is expressed as the robot manufacturer trans-
mitting data to the server 10.

[0020] Information transmitted and received in the ro-
bot service provider system 1 will now be described. The
information illustrated below is just an example, and in-
formation other than the below-described one may be
transmitted and received.

[0021] The robot manufacturer transmits to the server
10 a computation tool and specifications of the robot that
the robot manufacturer manufactures, for example. The
specifications of the robot include the size of the robot,
a movable range of an arm, a speed range of the arm,
and the like. The specifications of the robot are transmit-
ted in association with a model type of the robot. The
computation tool is, for example, software that makes
the robot operate in accordance with an operation pro-
gram, or software for teaching the robot.

[0022] The robot user transmits to the server 10 data
accumulated through running of the robot. The data in-
clude, for example, the operation of the robot in accord-
ance with the operation program, a cycle time, or a loca-
tion where a failure occurs. The robot user is capable of
receiving production supportdata from the server 10. The
production support data are data that are used when the
robot is introduced or operated, and the production sup-
port data are data relating to the peripheral equipment
or the work tool, or are a program necessary to introduce
the robot or to add a work, for example.

[0023] The related manufacturer transmits to the serv-
er 10 specifications of the peripheral equipment of the
robot, a driver of the peripheral equipment, a program
for linking the peripheral equipment to the robot, or soft-
ware. The related manufacturer, when the driver or the
software is updated, transmits an update file to the server
10.

[0024] Theintroduction supportcompanyreceives var-
ious data that the server 10 has received from other com-
panies. The introduction support company can make use
of these data when supporting the robot user in introduc-
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ing the robot.

[0025] Services provided by the robot service provider
system 1 will be briefly described below.

[0026] The server 10 provides a virtual place serving
as a cloud platform, to facilitate collaboration of compa-
nies. The server 10 has a data sharing function, a data
accumulating function, and a data analysis function. The
data sharing function is a function that allows data re-
ceived by the respective companies to be shared among
the companies. The data sharing function is a function
that allows data received by the respective companies
to be shared among the companies. The data analysis
function is a function for analyzing data accumulated by
the data accumulating function, and creating new infor-
mation. The analysis of data is preferably carried out by
using an Al, for example. The robot service provider sys-
tem 1 provides services through these functions.
[0027] Services that the robot service provider system
1 provides in an introduction of the robot include a tra-
jectory data creation service, a correction program cre-
ation service, an operation path creation service, an in-
troduction data sharing service, a software cooperation
service, a program library service, and a robot introduc-
tion Al support service. Each company receives these
services through the robot running support application
installed on its client device 20.

[0028] The trajectory data creation service is a service
of the server 10 creating trajectory data. First, the robot
user or the introduction support company transmits an
operation programto the server 10. The server 10 creates
trajectory data for the received operation program, and
transmits the trajectory data to the robot user or the in-
troduction support company. The operation program is
data in which operations to be performed by the robot
are described in a sequential order. To be specific, the
operation program includes a teaching point at which the
robot is to be positioned, and the speed and acceleration
of movement of the arm. In a case where an operation
ofthe robotis triggered by an operation of another device,
the operation program includes a condition related to an
operation timing. The trajectory data are operations of
the robot from one time to another. Use of data accumu-
lated in the server 10 allows the trajectory data to be
calculated with a high accuracy.

[0029] The correction program creation service is a
service of the server 10 creating a correction program.
First, the robot user or the introduction support company
transmits a teaching point and a work class to the server
10. The work class refers to a kind of the work performed
by the robot, such as assembling or welding. In a case
of the welding, it may be possible to further set a kind of
the welding, a kind of a workpiece, or the like. The server
10 creates a correction program based on the teaching
point and the work class received, and transmits the cor-
rection program to the robot user or the introduction sup-
port company. The correction program is a program used
to correct an error between an actual work and a teach-
ing. Use of data accumulated in the server 10 makes it
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possible to propose an appropriate correction method to
the robot user or the introduction support company.
[0030] The operation path creation service is a service
of the server 10 creating an operation path. First, the
robot user or the introduction support company creates
interference data. The interference data are data in which
plural teaching points are each associated with whether
or not the robot interferes with another object when the
position and posture of the robot are aligned to a teaching
point candidate. The robot user or the introduction sup-
port company transmits the interference data to the serv-
er 10. The server 10 creates an operation path based on
the interference data. The operation path is data in which
teaching points of the robot are sequenced in time series.
Use of data accumulated in the server 10 allows creation
of an appropriate operation path. Details of the operation
path creation service will be given later.

[0031] The introduction data sharing service is a serv-
ice that facilitates sharing of introduction data among
companies, the introduction data being used when the
robot is introduced to the robot user. The introduction
data include data on the workshop of the robot user, data
on the workpiece, data on work details, data on the op-
eration program, a control program for the peripheral
equipment, or the like. The introduction data are saved
in the server 10, and are accessed by the robot user or
the introduction support company. Consequently, shar-
ing of the introduction data is facilitated.

[0032] The software cooperation service is a service
that enables pieces of software provided by various com-
panies to cooperate together. The server 10 runs a piece
of software provided by the robot manufacturer in coop-
eration with a piece of software provided by the related
manufacturer. In this manner, the robot and the periph-
eral equipment can be linked easily. Linking a piece of
teaching software provided by the robot manufacturer to
a piece of teaching software provided by someone other
than the robot manufacturer allows an effective use of
the advantages of the two kinds of teaching software.
[0033] The program library service is a service that
stores programs provided by various companies as a li-
brary so that they can be shared among the companies.
For example, to create an operation program that needs
use of a special work tool or an operation program that
needs sensing, a force sense control, or the like, a skill
is required. In this respect, by the program library service,
an operation program that can be used for general pur-
poses is stored as a library in the server 10. This enables
the robot user or the introduction support company to
easily create the above-mentioned kinds of operation
programs.

[0034] The robot introduction Al support service is a
service for supporting an introduction of the robot by us-
ing an Al when the robot user introduces the robot. As
described above, when the robot user introduces the ro-
bot, the robot service provider system 1 provides various
services to the robot user. The server 10 accumulates
data obtained in providing the services, and analyzes the
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data. More specifically, the server 10 makes the data
machine-learned. Accordingly, when a new robot user
introduces the robot, a proposal can be made to the new
robot user based on a tendency of the robot model type,
the peripheral equipment, the operation program, or the
like, adopted by previous robot users.

[0035] Functions that the robot service provider sys-
tem 1 has in order to appropriately supply the foregoing
services will now be briefly described.

[0036] Datasharedinthe server 10 include highly con-
fidential data. For example, data on the workshop of the
robot user and data on the workpiece can sometimes be
highly confidential. Shared data may possibly include
customer information and technology information of each
company. This is why the robot service provider system
1 has a security function for preventing leakage of highly
confidential data.

[0037] In some case, the robot running support appli-
cation may be used to build a virtual environment includ-
ing a workshop, a workpiece, a robot, and the like, for
observation of an introduction of the robot or running of
the robot. In this case, it is preferable that the virtual en-
vironment on the robot running support application is al-
ways kept coincident with an environment of an actual
machine in the workshop. This is why the robot running
support application has a function for enabling the virtual
environment to be built or updated easily.

[0038] The robot service provider system 1 provides a
wide variety of services. These services are provided
through the robot running support application. The robot
running support application, therefore, has a user inter-
face that can facilitate performing functions desired by
an operator.

[0039] The server 10 accumulates various data. If, for
example, all of data about the introduction of the robot
are transmitted to the server 10, not only the security
problem mentioned above but also a problem of an en-
larged communication data amount and an enlarged
server capacity can arise. The robot service provider sys-
tem 1, therefore, has a function for extracting only data
related to providing of services and/or for reducing the
size of data not related to providing of services, instead
of transmitting all of the data about the introduction of the
robot.

[0040] Configurations ofthe server 10, the clientdevice
20, and a robot system 40 will now be described with
reference to FIG. 2.

[0041] Theserver 10includes a communication device
11, a processing unit 12, and a storage device 13. The
communication device 11, which for example is a com-
munication module, communicates with the client device
20, or the like, as an external device. The processing unit
12, which for example is a CPU, executes various proc-
esses by executing a program. The storage device 13,
which is a hard disk or an SSD, stores various data in-
cluding the foregoing program. The processes performed
by the processing unit 12, and the data stored in the stor-
age device 13 will be detailed later.
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[0042] The client device 20 is provided in each of the
companies, andis installed with the robot running support
application, as described above. The client device 20,
like the server 10, includes a communication device, a
processing unit, and a storage device. The client device
20 further includes a display device and an input device.
The display device, which is a liquid crystal display or an
organic electroluminescent display, displays an image
created by the processing unit. The input device, which
is a mouse, a keyboard, a touch panel, or the like, re-
ceives a human operation.

[0043] The client device 20 transmits to the robot sys-
tem 40 an operation program that the client device 20
has created or an operation programthat the clientdevice
20 has received from the server 10. The robot system 40
includes a robot control device 41 and a robot 42.
[0044] The robot control device 41 includes a process-
ing unit such as a CPU, and a storage device such as a
hard disk, an SSD, or a flash memory. The processing
unit executes a program stored in the storage device, to
control the robot 42.

[0045] The robot 42 includes plural arms 42a, a work
tool 42b, and sensors 42c. The arms 42a are individually
operated by power of an actuator such as a motor. The
work tool 42b performs a work on a workpiece. The work
tool 42bis, forexample, a hand for holding the workpiece,
or awelding torch for welding the workpiece. The sensors
42c detectthe rotation angles of the respective arms 42a,
and output detection results to the robot control device
41,

[0046] With the above-described configuration, the ro-
bot control device 41 controls the actuator based on the
operation program and the rotation angles detected by
the sensors 42c, to operate the arms 42a and/or to make
the work tool 42b perform the work.

[0047] The operation path creation service will now be
described in detail with reference to FIG. 3 to FIG. 6.
[0048] The operation path creation service is used by
a person belonging to the robot user or the introduction
support company. Hereinafter, users of the operation
path creation service will be simply referred to as users.
The operation path creation service is, as mentioned
above, a service in which the server 10 creates the op-
eration path based on the interference data that the client
device 20 transmits, and transmits the operation path to
the client device 20.

[0049] As described above, the operation path is data
in which teaching points of the robot are sequenced in
time series. The operation path is simply a sequence of
the teaching points for positioning the robot 42 in the
order in which the robot 42 is to be positioned, and so no
time elapsed between the teaching points, etc. is set.
Even if the robot 42 begins to operate an operation of
another device as a trigger, information indicating the
operation timing is not included in the operation path. In
other words, the operation path is one of the materials
for creating a operation program.

[0050] The operation path described below is a path
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for moving the robot 42 from a start position where the
robot 42 finishes working at a first working location to a
destination position where the robot 42 starts working of
a second working location. In other words, the operation
path in this embodiment can take any path from the start
position to the destination position as long as there is no
interference with other objects. The operation path may
be a path during work by the robot 42. For example, the
operation path may be a path from the start position for
grasping the workpiece to the destination position for
transferring the workpiece to another device.

[0051] First, the client device 20 creates the interfer-
ence data (sequence number S1). The interference data
are data in which a plurality of teaching point candidates
are each associated with whether or not the robot 42
interferes with another object when the position and pos-
ture of the robot 42 are aligned to the teaching point can-
didate. The position and posture of the robot 42 are, for
example, the position of the robot 42, the rotation angle
of each arm 42a, the position of the work tool 42b, the
posture of the work tool 42b, and the like. FIG. 4 shows
a diagram illustrating the concept of interference data.
One circle shown in FIG. 4 is one teaching point candi-
date. The teaching point candidate labeled A1 is the start
position, and the teaching point candidate labeled E1 is
the destination position. The teaching point candidates
labeled with symbols Bn, Cn, and Dn (nis an integer) are
intermediate positions from the start position to the des-
tination position. The positions are in the order of symbols
Bn, Cn, and Dn, which are closest to the start position.
Information regarding whether or not the robot 42 will
interfere with another object is shown for each teaching
point candidate. In this embodiment, the teaching point
candidates are classified into B, C, and D according to
the distance to the start position, but this classification is
just an example. For example, instead of the classifica-
tion of this embodiment, the teaching point candidates
may be classified from another viewpoint, or the teaching
point candidate classification may be omitted.

[0052] The interference data may be created manually
by the operation of the client device 20 by the user, or
may be created by the client device 20 by inputting nec-
essary information into the client device 20. Regardless
of which method is used to create interference data, first,
three-dimensional data of the workshop, three-dimen-
sional data of the robot 42, and three-dimensional data
of the workpiece are arranged in a virtual space using
the robot running support application on the client device
20. The three-dimensional data of the workshop is three-
dimensional data of objects such as walls, shelves, pe-
ripheral equipment, etc. arranged in the workshop. When
a plurality of robots 42 are arranged side by side to per-
form work, the other robots 42 may be included in the
three-dimensional data of the workshop. Next, the teach-
ing points for work location of the robot 42 are created.
The teaching points of the work locations are teaching
points when the robot 42 performs work, for example,
teaching points of the robot 42 when spraying paint when
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the robot 42 performs painting. In this embodiment,
teaching points for two work locations are created at this
stage, and a operation path between them is created
using the operation path creation service.

[0053] When the user manually creates the interfer-
ence data, the user creates a plurality of teaching point
candidates located between the last teaching point of the
first work location and the initial teaching point of the sec-
ond work location. The user checked whether or not the
robot 42 interferes with other objects when the robot 42
is aligned with the position and orientation indicated by
the teaching point candidate. If the robot 42 interferes
with another object, information indicating that interfer-
ence has occurred is added to the teaching point candi-
date, and if the robot 42 does not interfere with another
object, information indicating that no interference has oc-
curred is added to the teaching point candidate. As de-
scribed above, the interference data can be created man-
ually.

[0054] When the interference data is created by the
client device 20, the client device 20 creates a plurality
of teaching point candidates located between the last
teaching point of the first work location and the initial
teaching point of the second work location based on the
three-dimensional data of the objects and the teaching
points of the work location described above. The client
device 20 checked whether or not the robot 42 interferes
with other objects when the robot 42 is aligned with the
position and orientation indicated by the teaching point
candidate. As in the case of the manual operation, if the
robot 42 interferes with another object, information indi-
cating that interference has occurred is added to the
teaching point candidate, and if the robot 42 does not
interfere with another object, information indicating that
no interference has occurred is added to the teaching
point candidate. As described above, the interference
data can be created by the client device 20.

[0055] To check whether interference will occur when
the robot 42 is operated, the three-dimensional data of
the workshop and the workpiece is generally required in
addition to the data of the robot 42. However, the three-
dimensional data of the workshop and the workpiece may
contain highly confidential information. Therefore, it may
not be preferable to transmit the three-dimensional data
of the workshop and the workpiece to the server 10 or to
share the data with other locations via the server 10. Fur-
thermore, since the three-dimensional data of the work-
shop and the workpiece has a large amount of data, the
amount of communication data when transmitting the da-
ta to the server 10 becomes large. In this regard, in this
embodiment, three-dimensional data of the workshop
and the workpiece is not transmitted, but interference
data is transmitted instead. By using the interference da-
ta, information regarding interference can be shared, im-
proving convenience. Since the three-dimensional
shapes of the workshop and workpiece cannot be esti-
mated from the interference data, it is possible to sup-
press a decrease in security.
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[0056] Next, the client device 20 creates the simplified
data (sequence number S2). The simplified data is data
obtained by simplifying the three-dimensional data of the
workshop or the three-dimensional data of the workpiece.
In this specification, three-dimensional data indicating a
detailed shape used for design etc. is simply referred to
as "three-dimensional data", and data that is simplified
is referred to as "simplified data" to distinguish between
the two data.

[0057] Simplification means simplifying the outline of
the three-dimensional data. In other words, the three-
dimensional data is replaced with a simple figure or a
combination thereof while maintaining its general shape.
A simple figure is, for example, a figure obtained by
stretching a polygon or a circle in the normal direction,
or a rotating body obtained by rotating a polygon or a
circle around a predetermined axis of rotation. FIG. 5
shows a specific example of the simplified data. The client
device 20 creates cylindrical simplified data by simplify-
ing the three-dimensional data of the blower blades.
[0058] The simplified data is used in place of the three-
dimensional data in various work related to the introduc-
tion of the robot 42. For example, the simplified data may
be used for interference confirmation. Therefore, in this
embodiment, when the three-dimensional data and the
simplified data are superimposed, the simplified data en-
compasses the three-dimensional data. In other words,
the three-dimensional data does not extend beyond the
simplified data. By setting the teaching points so that the
robot 42 does not interfere with the simplified data, the
robot 42 also does not interfere with the three-dimension-
al data.

[0059] The simplified data does not include detailed
shapes like the three-dimensional data. Therefore, by
transmitting the simplified data to the server 10 instead
of the three-dimensional data, it is possible to suppress
adecrease in security. Creating and transmitting the sim-
plified data to the server 10 are not essential and can be
omitted.

[0060] The client device 20 transmits a work class, the
interference data, and the simplified data to the server
10 (sequence number S3). The work class is the type of
work performed by the robot 42, as described above. The
work class is specified and stored in the client device 20,
for example, at or before creating the interference data.
In response to this, the server 10 stores the interference
data and the simplified data in the storage device 13 (se-
quence number S4). Although details will be described
later, the interference data and the simplified data can
also be transmitted to another authenticated clientdevice
20.

[0061] Next, the server 10 creates the operation path
based on the interference data and the operation path
model (sequence number S5). Since the operation path
is a path in which the teaching points are sequenced in
time series, as shown in FIG. 4, the operation path can
be created by connecting the teaching point candidates
thatis nointerference among the interference data. Since
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the quality of the work varies depending on the combi-
nation of the connected teaching point candidates, the
server 10 creates the operation path that combines the
optimal teaching point candidates. At the bottom of FIG.
4, it is shown that the operation path is created by se-
lecting and connecting one each of the teaching point
candidates Bn, Cn, and Dn. There are various methods
for creating the operation path. For example, a plurality
of teaching point candidates of the same section may be
selected, such as connecting the teaching point candi-
date B3 after the teaching point candidate B2. The se-
lection of teaching point candidates in a specific section
may be omitted, such as connecting the teaching point
candidate with symbol D2 to the teaching point candidate
with symbol B2.

[0062] In this embodiment, the server 10 creates the
operation path using the operation path model. The op-
eration path model is a model that is constructed by ma-
chine learning of work quality data, as shown in FIG. 6.
The work quality data is data that classifies and stores
works of the robot 42 that have been performed in the
past. Specifically, the work quality data is data that as-
sociates work classes, operation paths, and evaluation
value with each other.

[0063] The operation path means a path of the opera-
tion of the robot 42 that has been executed in the past.
The evaluation value is a value indicating how highly eval-
uated the operation of the robot 42 is. For example, the
shorter the operation time, the higher the evaluation val-
ue. When the work class is transport, the evaluation value
becomes higher as the operation path is less likely to
cause acceleration or deceleration. When the robots 42
are arranged closely together in the work class, the small-
er the trajectory along which the arm 42a moves, the
higher the evaluation value. In other words, the evalua-
tion value is a numerical value indicating the degree of
work quality. By performing machine learning of the work
quality data, it is possible to recognize correlations be-
tween the work class, the operation path, and the eval-
uation value. In other words, it is possible to construct
the operation path model on the tendency for the evalu-
ation value to become high when what operation path is
selected for what kind of work class. The machine learn-
ing performed here is learning to construct a method to
maximize the evaluation value, and corresponds to rein-
forcement learning.

[0064] As shown in FIG. 6, when using the operation
path model, the work class and the interference data are
input into the operation path model. The output of the
operation path model is the operation path with the high
evaluation value. As described above, since the opera-
tion path model has a method for maximizing the evalu-
ation value, the operation path outputs the combination
of the teaching point candidates having the highest eval-
uation value among the combinations of teaching point
candidates that do not cause interference based, in other
words the operation path is output. In this embodiment,
one operation path estimated to have the highest evalu-
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ation is output, but a plurality of operation paths may be
output.

[0065] Robot data may be used when calculating the
operation path. The robot data is data that associates
specifications of the robot 42 with the model type of the
robot 42. By using the robot data, the operation of the
robot 42 can be specified in more detail, so a more ap-
propriate operation path can be created. If the robot data
is used, the model type of the robot is further transmitted
from the client device 20 to the server 10 at sequence
number S3.

[0066] It is not essential to include the work class in
the work quality data, and the work class may be omitted
from the machine learning target. In this case, operations
that have a high evaluation value common to all work
classes, such as operations with short operation times,
are output. Alternatively, another item may be added to
the machine learning target. It is not essential to perform
machine learning to construct the operation path model,
and the operation path may be created based on analysis
results of work quality data. For example, the operation
path can be created by preferentially using a combination
of teaching points that is used at a high rate in the work
quality data.

[0067] Next, the server 10 transmits the created oper-
ation path to the client device 20 (sequence number S6).
The client device 20 creates an operation program based
on the operation path received from the server 10 (se-
quence number S7). Since the operation path received
from the server 10 has high work quality, the operation
program created based on the operation path also has
high work quality.

[0068] Next, another aspect of using the interference
data and the simplified data will be described with refer-
ence to FIG. 7.

[0069] In the sequence diagram of FIG. 3, the server
10 creates the operation path, and the client device 20
creates the operation program based on the operation
path. On the other hand, in the sequence diagram of FIG.
7,the server 10 make aplurality of client devices 20 share
the interference data and the simplified data. The specific
details will be explained below.

[0070] Since S11 to S14 in the sequence diagram of
FIG. 7 are the same as S1 to S4 of the sequence diagram
of FIG. 3, an explanation of that will be omitted. The in-
terference data and the simplified data stored in the serv-
er 10 are shared between the client devices 20. For ex-
ample, a certain robot user and an introduction support
company that supports the robot user belong to the same
group. In the same group, the interference data and the
simplified data are shared via the server 10. Specifically,
the client device 20 requests the interference data and
the simplified data to the server 10 (sequence number
S15). If the source client device 20 is in the same group
as the client device 20 that transmitted the interference
data and the simplified data, the server 10 transmits the
interference data and simplified data to the client device
20 (sequence number S16). In this way, the interference
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data and the simplified data can be shared.

[0071] A specific method of utilizing the interference
data and the simplified data will be explained. For exam-
ple, as shown in FIG. 2, the robot user transmits the in-
terference data and the simplified data to the server 10.
Thereafter, the introduction support company that sup-
ports the robot user receives the interference data and
the simplified data from the server 10 and transmits, for
example, a control program for peripheral equipment to
the server 10. A programmer supporting the robot user
receives the interference data and the simplified data
from the server 10 and transmits, for example, an oper-
ation program to the server 10. The robot user receives
the control program and the operation program from the
server 10 and uses them.

[0072] As described above, the interference data and
the simplified data include necessary data for creating
various programs, but highly confidential part is not in-
cluded. Therefore, by sharing the interference data and
the simplified data as described above, it is possible to
improve convenience while suppressing a decrease in
security.

[0073] As thus far described above, the server 10 of
this embodiment includes the communication device 11
and storage device 13. The communication device 11
receives the interference data from the client device 20
connected via the wide area network. The interference
data is data which associates teaching point candidates
indicating candidates for the teaching points of the indus-
trial robot 42 with interference results indicating whether
or not the robot 42 interferes with surrounding objects
when the position and posture of the robot 42 is aligned
with the teaching point candidate. The storage device 13
stores the interference data received by the communica-
tion device 11. In this manner, the interference data pro-
viding method is performed.

[0074] Sincetheinterference dataincludesinformation
regarding the operation of the robot 42 and the environ-
ment of the workshop, the storing of the interference data
inthe server 10 enable convenience to be improved. Stor-
ing interference data in the server 10 instead of highly
confidential three-dimensional data enable security to be
maintained.

[0075] The server 10 of this embodiment includes the
processing unit 12 that creates the operation path of the
robot 42 using the interference data received by the com-
munication device 11 by selecting a plurality of the teach-
ing point candidates that do not cause interference and
by sequencing the teaching point candidates in time se-
ries.

[0076] Accordingly, operation path thatdoes not cause
interference can be created. In particular, the server 10,
not client device 20, creates the operation path. Thus,
the operation path is created by utilizing the processing
capacity of the server 10, stored data in the server 10,
or the like.

[0077] The storage device 13 stores the work quality
data that associates the operation of the robot 42 with
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the work quality data of the operation. The processing
unit 12 creates the operation path based on the interfer-
ence data and the work quality data.

[0078] Thereby, the server 10 can create the operation
path with high work quality.

[0079] In the server 10 of this embodiment, the
processing unit 12 creates the operation path for the in-
terference data received by the communication device
11 using the operation path model. The operation path
model is a model constructed by machine learning at
least on the work quality data, input of the operation path
modelis the interference data, and output of the operation
path model is the operation path.

[0080] Accordingly, the server 10 can create the oper-
ation path that has high work quality and is tailored to the
situation of the workshop where the interference data
was created.

[0081] In the server 10 of this embodiment, the com-
munication device 11 receives the simplified data from
the client device 20. The simplified data is three-dimen-
sional data that simplifies the shape of at least one of the
objects placed around the robot 42 and the workpiece
that is the target of the work of the robot 42. The storage
device 13 stores the simplified data received from the
client device 20.

[0082] By simplification, the amount of three-dimen-
sional data can be reduced, so the communication load
can be reduced. If the three-dimensional data includes
highly confidential shape, the data is processed so that
the confidentiality is not included, so security can be
maintained.

[0083] In the server 10 of this embodiment, when the
simplified datais superimposed on the three-dimensional
data of the object or the workpiece, the simplified data
includes the three-dimensional data.

[0084] Accordingly, if there is no interference with the
simplified data, there will also be no interference with the
object or the workpiece, so the presence or absence of
interference can be examined using the data transmitted
to the server 10.

[0085] In the server 10 of this embodiment, the com-
munication device 11 transmits at least one of the inter-
ference data and the simplified data to another client de-
vice 20.

[0086] This allows less sensitive data to be shared.
Therefore, for example, the work related to the run of the
robot can be carried out while sharing non-confidential
data among multiple locations or multiple companies.
[0087] By simplification, the amount of three-dimen-
sional data can be reduced, so the communication load
can be reduced. If the three-dimensional data includes
highly confidential shape, the data is processed so that
the confidentiality is not included, so security can be
maintained.

[0088] While a preferred embodiment of the present
invention has been described above, the configurations
described above may be modified, for example, as fol-
lows.
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[0089] The sequence diagrams illustrated in the em-
bodiment described above is just an example, and it may
be acceptable that a part of the process is omitted, con-
tents of a part of the process are changed, or a new proc-
ess is added.

[0090] The server 10 according to the embodiment de-
scribed above is installed in the data center, but in a case
where, for example, the robot manufacturer provides the
robot service provider system 1, the server 10 may be
installed in the robot manufacturer.

[0091] The functionality of the elements disclosed
herein may be implemented using circuitry or processing
circuitry which includes general purpose processors,
special purpose processors, integrated circuits, ASICs
(Application Specific Integrated Circuits), conventional
circuitry and/or combinations thereof which are config-
ured or programmed to perform the disclosed function-
ality. Processors are considered as processing circuitry
or circuitry as they include transistors and other circuitry
therein. In the disclosure, the circuitry, units, or means
are hardware that carry out the recited functionality, or
are hardware programmed to perform the recited func-
tionality. The hardware may be any hardware disclosed
herein or otherwise may be other known hardware which
is programmed or configured to carry out the recited func-
tionality. When the hardware is a processor which may
be considered as a type of circuitry, the circuitry, means,
or units are a combination of hardware and software, the
software being used to configure the hardware and/or
processor.

Claims
1. A robot data processing server comprising:

a communication device that receives interfer-
ence data from an external device connected
via wide area network, the interference data be-
ing data which associates teaching point candi-
dates indicating candidates for teaching points
of an industrial robot with interference results
indicating whether or not the robotinterferes with
surrounding objects when a position and pos-
ture of the robotis aligned with the teaching point
candidates; and

a storage device that stores the interference da-
ta received by the communication device.

2. The robotdata processing server according to claim
1, further comprising
a processing unit that creates an operation path of
the robot using the interference data received by the
communication device by selecting a plurality of the
teaching point candidates that do not cause interfer-
ence and by sequencing the teaching point candi-
dates in time series.
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3. Therobot data processing server according to claim

2, wherein

the storage device stores work quality data that
associates operations of the robot with work
quality data of operations, and

the processing unit creates the operation path
based on the interference data and the work
quality data.

The robot data processing server according to claim
3, wherein

the processing unit creates the operation path for
the interference data received by the communication
device using an operation path model, the operation
path modelis a model constructed by machine learn-
ing at least on the work quality data, input of the
operation path model is the interference data, and
output of the operation path model is the operation
path.

The robot data processing server according to any
one of claim 1 to 4, wherein

the communication device receives simplified
data from the external device, and the simplified
data is three-dimensional data that simplifies a
shape of at least one of object placed around
the robot and a workpiece that is a target of a
work of the robot, and

the storage device stores the simplified data re-
ceived from the external device.

The robot data processing server according to claim
5, wherein

when the simplified data is superimposed on three-
dimensional data of the object or the workpiece, the
simplified data includes the three-dimensional data.

The robot data processing server according to claim
5 or 6, wherein

the communication device transmits at least one of
the interference data and the simplified data to an
external device differentfrom the external device that
transmitted the interference data.

An interference data provision method comprising:

creating interference data that is data which as-
sociates teaching point candidates indicating
candidates for teaching points of an industrial
robot with interference results indicating wheth-
er or not the robot interferes with surrounding
objects when a position and posture of the robot
is aligned with the teaching point candidate; and
transmitting the created interference data to a
robot data processing server viaa wide area net-
work.
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10

9. The interference data provision method according

to claim 8, further comprising:

creating simplified data that is three-dimension-
al data which simplifies a shape of at least one
of object placed around the robot and a work-
piece that is a target of a work of the robot; and
transmitting the created simplified data to the
robot data processing server.
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FIG. 4
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